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D : 

^S^ , We propose a new implementation of medium effects in jet structures 

in which a modification of the splitting function is included at every step in 

I I the typical final state parton shower. Although the main application of this 

^ . new formalism will be at the LHC, it is interesting that, in the presence 

QQ ' of a trigger bias to small number of splittings, non-trivial angular depen- 

f"~- , deuces could appear with shapes similar to those measured experimentally 

On ■ at RHIC in high-p^ particle correlations. 
■^^ I 

^^ ; PACS numbers: 13.87.-a,12.38.Mh,25.75.Nq 

r^^ ' The presence of a medium is known to modify the branching evolu- 

O ■ tioii of the quarks or gluons produced at high-py by a hard process. The 

^ I corresponding situation in the vacuum is well known and allows a prob- 

■ ^-j ■ abilistic interpretation in which every branching - dictated by a splitting 

rS I function, P(z) - reduces the initial virtuality of the produced parton until 

C^ • some given scale C(lGeV) is reached and the process is stopped. In this 

way, the DGLAP evolution of the fragmentation function can be written at 

LO as 



D{x, t) = A{t)D{x, to) + A(t) I'^^J^ P{z)D (^, ti) . (1 



The first term on the right-hand side in this expression corresponds to the 
contribution with no splittings between to fmd t while the second one gives 
the evolution when some finite amount of radiation is present. The evolution 
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is controlled by the Sudakov form factor 
A(i) = exp 



'^/d.^^iiMp(.,0 



to t' J 27r 



(2) 



with the interpretation of the probability of no resolvable branching between 
the two scales t and to- 

The definition of the Sudakov form factors and its probabilistic interpre- 
tation depend on the cancellation of the different divergencies appearing in 
the corresponding Feynman diagrams. Although such cancellation has never 
been proved on general grounds for partons re-scattering in a medium, it has 
been found in [IJ that, under certain assumptions, all the medium effects 
can be included in a redefinition of the splitting function 

pt°t(z) = p-^{z) + AP{z,t), (3) 

where we have labeled as "vac" the corresponding vacuum splitting function. 
The main assumption to arrive at ([3]) is the independence of the multiple 
gluon emission when re-scattering with the nuclei is present so that an 
exponentiation of the splittings is possible. This possibility was exploited 
in [2] where the additional term in the splitting probability is just taken from 
the medium-induced gluon radiation by comparing the leading contribution 
in the vacuum case. 

AP{z,t)c^———, 4 

as azat 

Implementing ^ and (jj]) into ([1]) the medium-modified fragmentation func- 
tions can be computed - see also [3j for a related approach. Only the initial 
conditions of the evolution need to be specified. In [2] the KKP set of FF 
[1] was used for the vacuum as well as for the medium at the initial scale 
Ql, i.e. D'^'"^{x,Ql) = L>™^(x,Qg). In this model all the medium-effects 
are built during the evolution. The motivation for this ansatz is the fol- 
lowing: in hadronic collisions, particles produced at high enough transverse 
momentum hadronize outside the medium. So, this assumes that the non- 
perturbative hadronization is not modified by the medium, whose effect is 
only to modify the perturbative associated radiation. All present radiative 
energy loss formalisms rely on this assumption. 

Interestingly, the fact that the medium-induced gluon radiation, J™*^"^, 
is infrared and collinear finite allows for a simplification of this formulation, 
valid when E ^ Q ^ 1. Under these conditions, eqs. ([1]) and ([2]) reduce to 
the well known quenching weights [5] previously used in most jet quench- 
ing phenomenology. In Fig. [1] we plot the fragmentation functions in the 
presence of a medium for different values of q and Q^ by including the mod- 
ification at every individual splitting, eqs. ©-([I]) [2]. Also plotted in the 
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Fig. 1. Left: Fragmentation function for gluons onto pions computed with the 
medium-modified evolution described in the text (solid lines) and through the stan- 
dard convolution with the quenching weights (dashed lines). Right: Ratio of the 
fragmentation function for gluons onto pions in a medium over that in the vacuum. 



same figure is the comparison with the corresponding FF using the stan- 
dard quenching weights [5j. Clearly, both procedures will provide similar 
descriptions of the experimental data on one-particle inclusive suppression 
[2] but the new approach allows for a clean implementation of the effects 
for less inclusive measurements as jet structures or particle correlations. 

The most general case of a complete parton shower implementation with 
nuclear effects has not been computed yet. There is a simplification, in a 
very specific situation, in which the radiated gluons have energy oj < 2q^''^ 
where the medium-induced gluon radiation can be approximated by [6] 



dl 



mcd 



diodkj 



levr 



UJ^ 



(5) 



Keeping only the first term in the expansion of ([T|) we obtain the proba- 
bility of just one splitting, which, inserting ([5]) and making the change to 
laboratory azimuthal angle for a jet produced at rj = reads 



dV{^,z) 



dzd^ 



r]=0 



167r2 



E L cos ^ exp 



asCn 2 ^ 

—h L cos 5" 

167r 



(6) 



Eq. ([6]) presents a non-trivial angular structure in which, due to the 
Landau-Pomeranchuk-Migdal suppression of radiation at small angles, a dip 
is observed in the direction of the original jet in contrast with the known 
situation in the vacuum, where collinear singularities make the jet shapes 
to be well coUimated around <1> = 0. Similar structures has been observed 
experimentally by two particle correlations at moderate values of the trans- 
verse momentum [7]. Although the calculations presented here lack of a 
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Fig. 2. (Left) The probability of just one splitting ([6]) as a function of the laboratory 
azimuthal angle A$ for a gluon jet oiE = 1 GeV. A smearing in r\ and $ is included. 
(Right) Position of the peaks with PHENIX data [7 . Figures [5]. 

realistic implementation, including multiple splittings and hadronization, 
it is encouraging to see a perturbative mechanism producing such a non- 
trivial shape [6]. In order to make a rough comparison with experimental 
data, we just smeared the distribution in r] and to mimic the experimental 
situation. The corresponding distributions are plotted in Fig. [2l 
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